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Abstract 
This study presents a driver Traffic Training Simulator (TTS) that utilizes intelligent synthetic actors. The movements of 
intelligent actors are realized using a network flow graph consisting of segment nodes. The intelligent actors in traffic are capable 
of such objectives as vehicles and lane following. In addition, they are capable of moving according to the traffic signs and lights. 
The duration of traffic lights can parametrically be determined by the simulator interface. Moreover, parametric values such as 
weather conditions, seasons, and sunlight can be fed to the simulator as inputs. Similarly, the type of the driver’s vehicle and 
other intelligent vehicles and their numbers can also be parametrically determined. The driver is able to drive in the heavy and 
light traffic conditions. Currently we are focusing on incorporating the hardware components into the system. Following the tests 
for the candidates with the system is expected to take place in driver training schools. 
Keywords: Computer Graphics; traffic simulation; scene graph; finite state machines; intelligent agents 
1. Introduction 
Traffic systems consist of the vehicles (including the drivers), pedestrians, traffic lights, other traffic signs and 
several other sub-systems such as road data. Taking into consideration a vehicle moving in the traffic:  
x The specifications of the vehicle (type, length, width, the possible max. speed, the limits of accelerations and 
decelerations etc.), 
x The interaction of the vehicle with the other vehicles within the environment, and with the traffic signs and road 
conditions, 
x During the interactions each vehicle exhibit different characteristics/behaviors such as travelling fast, changing 
lanes, leaving certain follow-up gaps between the other vehicles etc.  
Training the driver candidates is an expensive and risky operation therefore, letting them to have a realistic 
simulation environment is certainly preferable considering the possible outcomes of the alternative mentioned 
above. 
Depending on the details of the traffic simulation systems that have been developed, macro, micro, meso and 
nano models exists [1, 2]. While in micro simulation models, each sub-element that exists in the simulation system 
is taken as a sub-system of the overall system, and modeled individually.  The micro simulation model’s 
components include the attributes of the vehicles, driver behaviors, traffic signs and so forth. Each of these 
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components is sub-systems of the main simulator. The main behavior of the simulator is a result of interaction 
between the unique behaviors of these sub-systems [3, 4].  
2. The Concepts and Components of 3D Simulations Used in Our System 
In this section we will also introduce a brief summary of the methods/approaches used in developing simulation 
systems. This will help to understanding of the concepts, approaches that we use in our system. 
Open Flight Model (FLT), is a 3D visualization model developed for providing simulation systems a medium to 
work in. In this model all the components are linked to a single node. The interactions between the groups are 
represented with a graph hierarchy. Graphics libraries such as OpenGL can visualize this hierarchical data [5].  
Open Scene Graph (OSG) is an open source high performance 3D graphical library developed by using C++ and 
OpenGL. OSG also supports visualizing determined screen space by limiting the visible area (small-feature culling), 
and more concepts improving the graphical performance such as LOD, node switches, and vision lists [6, 7]. 
The agents in a virtual environment may be described as, actors that sense their environments with their sensors 
and either changing their states or developing their behaviors accordingly [8, 9]. The agents –depending on their 
abilities- may exhibit intelligent and autonomous behaviors [10]. 
The city traffic is a complex system where several interdependent subsystems interact with each other. Agent 
based modeling may be regarded as an appropriate approach for simulating the traffic medium [9]. In this type of 
simulators, the roads, lanes, junctions, road geometry and position values of the mobile objects need to be taken into 
consideration [11].  Many drivers’ simulators which uses autonomous agent based approach employs graphs for 
road networks. In the graphs the edges correspond to the roads with single or multi lanes while the nodes represent 
the junctions and keep the details of the road and lane specifications [12]. Many simulators model the links between 
the lanes at a junction. The junctions ‘guide’ the arriving and leaving vehicles and help them to move forward [13, 
14].
3. The Structure of the System 
In this study, a Drivers’ TTS for the city traffic has been developed. In the TTS the agents are able to behave 
safely under different environmental conditions.  In addition the rules for traffic lights are incorporated into the 
system keeping a safe distance between the vehicles, driving, stopping, accelerations and decelerations, 
determination of heavy/light traffic conditions can also be parametrically determined by the user. The set up for the 
TTS environment is determined by the pseudo code given in Fig. 1.
 Setup parameters 
 Create world & vehicle & agents[number of agents] 
Simulation loop 
        Run traffic lights 
        Drive vehicle control by driver 
        Drive agents [number of agents] 
        Update camera & vehicle speedometer 
Delete all creators 
Fig. 1. The pseudo code for the event sequence in the simulator 
In the TTS interface several conditions are parameterized, in other words the trainer can select many driving 
conditions according to his/her desire. The following are among the parameterized selections: 
x The sun light, seasonal factors, weather conditions and other environmental conditions, 
x The type of the vehicle to be driven by the driver candidate; the type and number of agents and their vehicles, 
x The on/off period of traffic lights and the level of traffic (i.e. heavy or light). 
In the development of the simulation environment OSG [7] and ODE [15] have been employed. In the system the 
driver candidate and the agents (the number of them determined by the interface as described above) are located on 
the city coordinates determined by the user. During the simulation, the autonomous agents’ behaviors occur 
according to the predetermined rules while the driver’s vehicle moves according to the drivers’ directives. 
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3.1. Road maker 
The samples of 3D city data required for the traffic simulator has been obtained from [16] and FLT. To be able to 
organize the agent activities, road, lane and traffic signs data needed to be embedded into the models. MultiGen-
Paradigm Creator software has been analyzed to form these data. As a result, the road.xml file has been formed. 
This file contains road and other relevant traffic signs data. The activities of the agents are controlled taking this file 
as the main reference. The agents use the road data to configure their movements.  
3.2. Lane following 
In the system that has been developed for training the driver candidates, depending on the driver’s specifications 
two types of vehicles are employed. They are namely the vehicle that has been driven by the driver candidate and 
the other vehicles driven autonomously by the synthetic agents. For realistic simulations, the agents need to act 
according to the traffic rules set at the outset.  
The agents need to follow the lanes in the traffic. Lane following consists of two types of driver behavior: 
following it’s lane in a multilane road or driving in a single lane road by adjusting both the speed and position of the 
car. In Fig.2(a) the pseudo code for following the lane is given. 
Load segment data (agent_position(x, y, and z))
DestinationSegmentArray[] m Find Destination(source segment) 
Calculate start and finish drive parameters 
Calculate steering angle if needed 
Set velocity 
Drive to the end of the segment 
Fig. 2 (a) The pseudo code for the sequence of lane following.(b) Lane limit parameters 
The agent acquires the road data from the roads.xml. The agent data is formed by finding its’ coordinates and the 
segments that it currently resides. During the driving the segment data is refreshed as the car moves along. The 
direction to be followed is also taken from the roads.xml file. This is the neighboring segment linked to the current 
one.  This  could  either  be  a  continuing segment  or  a  segment  linked to  a  junction.  A continuing segment  has  one  
alternative while a junction presents more than one alternative, depending on the pre-selected traffic density. 
In the lane following operation the agent must confine to its lane. In fig. 2(b) the lane limits of segment100 are 
shown. The coordinate values of the lanes are taken from the roads.xml and used to keep the agent in the lane. The 
start and finish driving parameters varies depending on the current lane and segment. If the position of the agent is 
parallel/perpendicular to the main coordinate axis then the calculation of its position varies accordingly. For 
example, if the movement direction of the agent is “y+” then the finishing point is the end of the current segment. 
However,  if  the  movement  direction  of  the  agent  is  “y-”  then  the  finishing  point  is  the  beginning  of  the  current  
segment. 
When travelling in straight segments maneuvering may not be necessary. However in the curvature roads this 
may not be the case. In such cases the amount of wheel turning is calculated by: 
(1)[17]
k : Wheel turning coefficient [fixed] Bm : Viewing distance [meter] 
T : Offset degree [degrees] Sm : Offset distance [meter] 
3.3. Vehicle following 
An agent should slow down, stop or move along to prevent its car crashing to the driver’s car or the other cars. 
This requires the agents to keep a following distance (FD) in between the vehicles. This rule can only be broken in 
the case of changing the lane or taking over the vehicle in front. This kind of actions determines the agents’ vehicle 
following pattern.    
StartLeft StartRight 
S E G M E N T 1 0 0 
S E G M E N T 1 0 1 
EndLeft EndRight 
Lane 0 Lane 3Lane 1 Lane 2
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Find vehicle occupancy 
For each agent in traffic do except current one 
         Find agent occupancy 
For each vehicles in traffic do 
         Compare the agent position with 
Condition 1: if out of FD then go forward  
Condition 2: if in DD then decelerate 
Condition 3: if in SD then stop 
Fig. 3 (a) The pseudo code for vehicle following. (b) Vehicle following parameters 
In TTS the agents are capable of following other vehicles. Each agent checks the positions of the other vehicles 
to do this activity. The FD is calculated using length of vehicle (VL), deceleration distance (DD), and safety 
distance (SD). The DD is ½ of 1/1000 of the agent’s speed. The SD is as same as VL. In each refreshment cycle of 
the simulation vehicle following operations are repeated. Firstly, this is done for the driver’s vehicle and repeated 
for every other vehicle. When processing an agent in the simulation platform its positional data is compared to the 
rest of the agents. If there is no vehicle within the following distance, then the position of the vehicle is updated 
otherwise,  it  slows  down  if  it’s  in  the  slowing  down  distance  to  another  vehicle.  If  a  vehicle  exceeds  the  safety  
distance then the following one stops. This circular operation is repeated during the simulation process. 
3.4. Traffic Signs 
One  of  the  important  things  that  one  driver  has  to  learn  is  the  traffic  signs.  Everyone  in  the  world  knows  the  
meanings of the traffic lights but still many of them do not obey them. In TTS the control of the traffic lights is a 
two step operation. The first step is synchronously changing the states of the traffic lights while the second steps 
includes the regulating the agents behaviors according to them.    
Fig.4. (a) Scheduling of traffic lights at a cross intersection, (b) The graph structure used for modeling a traffic light 
The traffic signs have been modeled in 3D using switch node as described above. In this model the same object 
may have different appearances. The traffic lights synchronously change states. In this model, sw1 switch node 
contains 3 visions corresponding to RED, AMBER and GREEN respectively. In fig. 4 (b) the RED is active and the 
remaining alternatives are in passive state therefore the RED light is illuminates. A timer function within the system 
is employed to synchronize the on/of states of the traffic lights. There are 8 traffic lights at 4 corners. At each corner, 
one light controls the forward and right turnings (TL1a) while the other controls the left turnings (TL2a).  
3.5. Regulating Agent Behavior at Traffic Signs 
In the movement direction of the agents there may be junctions. The agents get the junction related information 
(i.e. whether it’s a controlled/uncontrolled junction) from the roads.xml. The TL value provides this information. As 
the Table 1 illustrates, depending on this value the behavior of the agents are determined. At uncontrolled junctions, 
the agents may slowdown or they may continue driving or alternatively stop depending on the traffic at the junction.  
Table 1. Intersection/junction control parameters 
TL Value Definition Agent Behavior TL Value Definition Agent Behavior 
“0” Far away from intersection Save velocity “2” In traffic light segment Comply with the traffic light 
“1” Near the traffic light Decelerate “3” Near the intersection Decelerate or save velocity 
In the controlled junctions each corner is controlled by two traffic signs. For example, an agent entering to the 
FD 
DD SD VL
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junction from I2 and heading towards segment O1, can only proceed forward, if TL2b is green. Otherwise it  will  
have to stop and wait until TL2b becomes green. When the agents approach to a traffic light, or while they follow 
another agent/driver, or while they make a turning they may need to slow down their speed. In TTS the agents’ 
speed increases or reductions are controlled parametrically. While in the traffic, the agents regulate their speed 
depending on the specification of the road segment that they are in, vehicle following distance, and the state of 
traffic lights. In other words, if the traffic is in a free flowing condition, then the agent increases its speed and vice 
versa. 
4. Results and Conclusions 
In this study, a traffic simulation system for training driver candidates has been developed. The intelligent agents 
within the system are capable of lane following, vehicle following and obeying the conditions dictated by the traffic 
lights.  A weighted graph network has been employed for the agents entering and leaving the traffic. The artificial 
intelligence module that has been embedded into system provides the agents to change their speeds and maneuver 
according to the conditions that they are in. All these parameters are fed into the system in a parametric fashion 
leaving the user to have a lot of flexibility in terms of the possible driving conditions. 
The user is provided with a virtual realistic environment to test and improve his/her driving abilities. This is 
obviously a cheap and danger free approach considering the advantages of early detection of drivers’ less improved 
abilities. We are currently improving the system to incorporate the necessary hardware mechanisms (i.e. an 
electromechanically controlled hydraulic system driven by the computer in real time). In addition, we are working 
on incorporating different types of agents who may have different behavior pattern in the traffic (e.g. aggressive).  
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